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Abstract. The tsunami of December 2004 caused exten-
sive human and economic losses along many parts of the Sri
Lankan coastline. Thanks to extensive national and interna-
tional solidarity and support in the aftermath of the event,
most people managed to restore their livelihoods completely
but some households did not manage to recover completely
from the impacts of the event. The differential in recov-
ery highlighted the various vulnerabilities and coping capac-
ities of communities exposed to the tsunami. Understand-
ing the elements causing different vulnerabilities is crucial
to reducing the impact of future events, yet capturing them
comprehensively at the local level is a complex task. This
research was conducted in a tsunami-affected area in south-
western Sri Lanka to evaluate ﬁrstly the role of coastal vege-
tation in buffering communities against the tsunami and sec-
ondly to capture the elements of vulnerability of affected
communities. The area was chosen because of its complex
landscape, including the presence of an inlet connecting the
Maduganga estuary with the sea, and because of the presence
of remaining patches of coastal vegetation. The vulnerabil-
ity assessment was based on a comprehensive vulnerability
framework and on the Sustainable Livelihoods Framework
in order to detect inherent vulnerabilities of different liveli-
hood groups. Our study resulted in the identiﬁcation of ﬁsh-
ery and labour-led households as the most vulnerable groups.
Unsurprisingly, analyses showed that damages to houses and
assets decreased quickly with increasing distance from the
sea. It could also be shown that the Maduganga inlet chan-
nelled the energy of the waves, so that severe damages were
observed at relatively large distances from the sea. Some
reports after the tsunami stated that mangroves and other
coastal vegetation protected the people living behind them.
Detailed mapping of the coastal vegetation in the study area
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and subsequent linear regression revealed signiﬁcant differ-
ences between three vegetation classes present in the area
with regard to water level and damages to houses. As our
region showed homogeneity in some important factors such
as coastal topography, our results should only be generalised
to comparable regions.
1 Introduction
The tsunami which hit the coasts of several Asian and
African countries on 26 December 2004 caused some
226000 fatalities (EM-DAT) and severe damage to liveli-
hoods and infrastructure. It revealed the inherent vulnera-
bility of coastal communities within the affected countries.
Even four years after the event, some people had not man-
aged to recover completely, as it could be derived from our
observations and surveys. It is suggested that there are fur-
ther aspects, apart from the direct impact of the waves that
shape the resilience and subsequent vulnerabilities of the
affected people. Some reports after the tsunami, many of
which were anecdotal, stated that coastal vegetation in gen-
eral and mangroves in particular protected people and saved
lives by reducing the energy of the waves. The hypothesis
that vegetation can diminish wave energy is still being de-
bated scientiﬁcally. (Kathiresan and Rajendran, 2005; Kerr
et al., 2006; Kerr and Baird, 2007; Vermaat and Thampanya,
2006; Cochard et al., 2008).
1.1 Vulnerability as a comprehensive approach
Natural hazards such as hurricanes, earthquakes, droughts
or storm ﬂoods can cause extensive human and economic
losses. It is argued that natural hazards are not catastrophes
by themselves, but only turn into such when they affect hu-
man lives and assets. This aspect has led to a shift of focus,
from the hazard itself and technical measures to minimize the
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impacts of hazards, to the interplay of the damaging event
and the vulnerability of a society and of its infrastructure,
economy and environment. The vulnerability of the differ-
ent elements is shaped by human impact on these elements
(Birkmann, 2006).
The concept of vulnerability is approached from differ-
ent disciplines and ﬁelds of work such as academia, disas-
ter management agencies, climate change community, and
development agencies (Villagr´ an De Le´ on, 2006). This re-
sults in a multitude of deﬁnitions for vulnerability and re-
lated terms such as exposure, risk, and resilience depending
on the approach adopted (Schneiderbauer and Ehrlich, 2004;
Gallopin, 2006). For example, the International Strategy for
Disaster Reduction (UN/ISDR) deﬁnes vulnerability as:
“The conditions determined by physical, social, economic
and environmental factors or processes, which increase the
susceptibility of a community to the impact of hazards.”
(UN/ISDR, 2004)
Notwithstanding the different deﬁnitions of the concept,
there are a few criteria, which are commonly agreed to be
important aspects of vulnerability. Vulnerability is generally
seen as a composite of exposure, susceptibility or sensitivity,
and resilience or adaptive capacity, although different disci-
plines set different foci between and within these categories
(Birkmann and Wisner, 2006; O’Brien et al., 2004; Adger,
2006; Smit and Wandel, 2006; Few, 2003; Cutter et al., 2003;
Polsky et al., 2003).
While exposure deals more with the impact side of vul-
nerability, susceptibility and resilience emphasize the inter-
nal condition of the affected society. Exposure identiﬁes the
parts of a system (people, houses, infrastructure, etc.), which
are at risk of being affected from a natural hazard (Thywis-
sen, 2006). Sensitivity or susceptibility mainly relates to the
internal structure of a society and the livelihoods within this
society, which shape the ability of people to cope with and
recover from hazards. Resilience, as the third category, is
originating in ecology (Holling, 1973), and later on has been
used to characterize socio-ecological systems, taking into ac-
count the mutual dependence of the resilience of ecological
and social systems through the dependence of communities
on ecosystem services (Adger, 2000). It describes the abil-
ity of groups to cope with different types of external distur-
bances.
Another commonly agreed aspect is the complexity of vul-
nerability, which results from its multidimensionality, its dy-
namic character, and the inﬂuences from various scales (Vo-
gelandO’Brien, 2004; DowningandZiervogel, 2004). Inor-
der to cover as many aspects as possible, which impact on the
vulnerability of systems, different types of social, economic,
political, cultural, institutional, and environmental factors as
well as interlinkages and feedbacks between them have to be
included in vulnerability analysis (Thywissen, 2006; UNEP,
2007; Few, 2003). This complexity of vulnerability is further
enhanced by its site-, level- and hazard-speciﬁc nature (Car-
dona, 2004; Birkmann and Wisner, 2006; Gallopin, 2006).
Although poverty and vulnerability do not describe the
samecondition, poorpeopleoftensufferfromahigherriskof
being affected more severely from any kind of hazard or dis-
turbance (Cannon et al., 2003; Alwang et al., 2001; Cardona,
2004; GTZ, 2005; Prowse, 2003). Poor people often live
in more exposed areas, as they do not have a choice where to
settle, and thus tend to suffer more from the impacts of a haz-
ard. After an event they have fewer possibilities to recover,
as they have less access to various types of assets and often
depend directly on the natural resources surrounding them
(Alwang et al., 2001; Schneiderbauer and Ehrlich, 2004).
1.2 Vulnerability framework
An extensive review of the most important frameworks
for analyzing vulnerability has been conducted by Birk-
mann (2006). One of the most comprehensive multi-
dimensional vulnerability frameworks was developed by
Turner et al. (2003a). It focuses particularly on the linkages
and feedbacks between social and ecological systems and
thus does not restrict analyses to humans but rather looks at
the integrated vulnerability of human-environment systems.
The developers of the framework see vulnerability in a wider
context of global environmental change and sustainability
science, which aims to understand the functioning and in-
terlinkages of human-environment systems as a reaction to
these ongoing global changes.
Inordertobeabletocapturecomplexityanditsimpactson
the vulnerability of human-environment systems, the Turner
framework operates on multiple levels and also emphasizes
the importance of the linkages and feedbacks between these
levels. The main elements of the framework are “(i) linkages
to the broader human and biophysical (environmental) condi-
tions and processes operating on the coupled system in ques-
tion; (ii) perturbations and stressors/stress that emerge from
these conditions and processes; and (iii) the coupled human-
environment system of concern in which vulnerability re-
sides, including exposure and responses (i.e., coping, im-
pacts, adjustments, and adaptations)” (Turner et al., 2003a:
8076).
Figure 1 shows the inner level of the framework, which
describes the vulnerability of the local socio-ecological sys-
tem. Itshowsthemultidimensionalityofvulnerability, which
includes the different aspects of resilience as well as the in-
terlinkages between the different elements of the system un-
der consideration. The framework particularly emphasizes
thefeedbacksbetweensocialandbiophysicalsystems, which
implies that changes in the conditions of the human system
also impact on the resilience of the environment system and
vice versa (Turner et al., 2003a). In this respect, there has
been a debate in the aftermath of the tsunami about the pro-
tective role of coastal vegetation in general and mangroves in
particular.
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Fig. 1. Details of the exposure, sensitivity, and resilience components of the vulnerability framework. Figure at the top left refers to the full
framework. Source: Turner et al. (2003a).
1.3 Impact of the tsunami and the protective effects
of coastal vegetation
Coastal ecosystems belong to the most productive but also
most threatened and vulnerable ecosystems in the world
(MA, 2005). They are under severe stress due to popula-
tion growth, overexploitation of natural resources and thus
environmental degradation. In addition, coasts are particu-
larlyexposedtonaturalhazardssuchashurricanes, tsunamis,
storm surges, and sea-level rise.
The main coastal habitats in Sri Lanka are estuaries and
lagoons, salt marshes, beaches and sand dunes, and man-
groves. The tsunami in December 2004 hit the entire Eastern
and Southern coastline of the island, and also the Western
part up to Negombo slightly north of Colombo (Liu et al.,
2005; Wijetunge, 2006). The impact of the tsunami on the
different coastal systems varied according to factors such as
coastal bathymetry, exposure, and coastal topography. Most
common impacts were the ﬁlling of coastal water bodies
with debris, beach erosion, uprooting of vegetation, and the
salinization of drinking water and agricultural ﬁelds (UNEP,
2005; UNEP and MENR, 2005; Appanah, 2005). After the
event, it was reported that different species of coastal vege-
tation were affected differently: while coconut palms were
fairly resistant to the energy of the waves as well as to salin-
ization effects, other common coastal trees like Casuarina
suffered more from the direct and long-term consequences
(UNEP, 2005; UNEP and MENR, 2005; Appanah, 2005).
Mangrove ecosystems were reported to be fairly resistant
against the tsunami waves, so that often only the front row
was uprooted, while the trees behind were more or less un-
affected (UNEP and MENR, 2005). In addition, there were
anecdotal reports stating that the presence of mangrove belts
saved the lives of people living behind these habitats. While
different methodologies such as statistical tests and biologi-
cal surveys were used to prove the protective effect of coastal
vegetation (Kathiresan and Rajendran, 2005; Iverson and
Prasad, 2007; Danielsen et al., 2005; Dahdouh-Guebas et al.,
2005), other studies challenged these outcomes (Kerr et al.,
2006; Kerr and Baird, 2007; Cochard et al., 2008). Many
reports call for a holistic view, which considers further in-
ﬂuencing factors such as coastal bathymetry and topography,
but also structure and conditions of the respective ecosystem
(Cochardetal., 2008; Lacambraetal., 2008; LatiefandHadi,
2006; Chang et al., 2006).
Given the above scientiﬁc debate, the objectives of this
study were twofold: the in-depth vulnerability assessment
served to detect differences in inherent vulnerabilities be-
tween different livelihood groups. This type of ex-post as-
sessment used the analysis of concrete impacts of an event
to convey vulnerabilities to future events. In the second part
we aimed to ﬁnd any protective effects of mangroves and
other coastal vegetation in a tsunami-affected coastal strip in
southwestern Sri Lanka.
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2 Data and methodologies
2.1 Study area and data
The study area as shown in Fig. 2 is the coastal strip along the
city of Balapitiya, which is about 90km south of Colombo at
the southwestern coast of Sri Lanka. It is located in the wet
zone, receiving an average annual rainfall of 2217mm and
fairly constant temperatures with an annual mean of 27.2◦C
(CCD, 2004). The topography is ﬂat, therefore this factor
was not included as part of the vulnerability assessment. The
population density of Galle district was 613people per km2
in 2001 (DCS, 2008), and is thus one of the highest of all
districts in Sri Lanka. There are no data available on a lower
administrative level, but population density in the study area
is high as in most urban areas on the western coastline of
Sri Lanka. However, there are still some remaining spots of
degraded coastal vegetation immediately at the shore, con-
sisting of varying mixtures of coconut palms, Pandanus and
different shrubs. The southern border of the study region is
marked by an inlet connecting the sea with Maduganga, an
estuary at about 1.5km distance from the coast. The inlet
and the estuary are fringed by a thin belt of mangroves con-
sisting mainly of Rhizophora apiculata. The inlet encloses a
smallisland(Pathamulla), wheretheRhizophorabeltreaches
widths of up to 40m.
The population in the study area consists nearly exclu-
sively of Sinhalese, complemented by a small Muslim com-
munity. All people have access to drinking water, while only
92% have access to toilets and 72% to electricity. The oc-
cupational proﬁle is a mixture of different types of employ-
ment, small-scale self-employment, public service, ﬁshery,
and, to a lesser extent, agriculture.
Tsunami wave heights of around four to ﬁve meters were
recorded for the southwestern coast of Sri Lanka (Liu et
al., 2005; Wijetunge, 2006), while information from inter-
viewed households revealed maximum heights of about 4.5
to 5.4m. The furthest inundation distance from the coast
recorded by this survey was around 1.2km. Out of the ap-
proximately 31000fatalities in Sri Lanka due to the tsunami
(UNEP, 2005), only 177 were reported in the DS Division of
Balapitiya (HIC, 2005) with a population of roughly 65000
in 2001 (DCS, 2008). However, the waves caused severe
damages to houses, assets, and infrastructure.
The information for the vulnerability assessment was col-
lected through a detailed questionnaire with 157households
in September 2007, with the location of the house being
recorded with a GPS device. The households were selected
by stratiﬁed random sampling according to their vicinity ei-
ther to the sea or to the inlet. The questionnaire asked for
information on household structure, different types of as-
sets before and after the tsunami, water level at the house,
as well as damage to the house and the household from the
tsunami including recovery. As a ﬁrst step, all water lev-
els which appeared inaccurate, when comparing them with
the other statements within this survey and with information
from other studies (Liu et al., 2005; Wijetunge, 2006), were
deleted. Altogether, three out of the 157 data points were
deleted, one of which was relevant for the vegetation survey.
Land cover of the study region was analyzed through visual
interpretation of a high-resolution satellite image (Ikonos)
from 2005, supported by detailed ground truthing.
2.2 Vulnerability assessment
The questionnaire was designed to capture the different fac-
tors contributing to vulnerability on the local level according
to the framework by Turner et al. (2003a). In order not to
go beyond the scope of this study, various external effects,
which are not part of the system under consideration, but
which impact on this system, were largely omitted apart from
the enforcement of the buffer zone after the tsunami: indeed,
immediately after the event, the Sri Lankan Government de-
clared a coastal buffer zone of 200m for the eastern parts of
the island and 100m for the remaining coastal strips, which
was modiﬁed later on (Ingram et al., 2006; CPA, 2006). This
had serious implications in the recovery process, as many
people could not return to their original homes, but were
relocated further inland. This had particular negative con-
sequences for those people, who depended on living close
to the sea like ﬁshermen. Referring to the Turner Frame-
work the study analyzed the linkages and feedbacks between
the socioeconomic and the environmental system with the
aim of generating a comprehensive picture of the vulnerabil-
ity of the community under consideration. The survey also
made use of the asset categories of the Sustainable Liveli-
hoods (SL) Framework (DFID, 2001), as the ﬁve different
categories (physical, natural, social, ﬁnancial, human) en-
sure that all relevant assets of a household are considered.
Although the rather general and broad approach of the SL
Framework makes it inappropriate to be used as an exclusive
tool for analyzing the vulnerability to natural hazards, it can
nevertheless serve as a valuable complement and checklist
for other frameworks in order to capture sensitivity and cop-
ing capacity of vulnerable people (Birkmann, 2006; Twigg,
2001).
Indicators for analyzing vulnerability were developed ac-
cording to the different categories of the framework as de-
picted in Fig. 1. The indicators, which are listed in Ta-
ble 1, focus on ﬁnancial assets and occupational activi-
ties. Although there is an ever increasing emphasis on non-
monetary issues when dealing with livelihoods, vulnerabil-
ity, and poverty, it is uncontested that income and all other
types of ﬁnancial resources, which households use to achieve
their livelihood objectives, are still of utmost importance for
livelihoods (UNDP, 2007; DFID, 2001). Due to its rele-
vance it was decided to include the initial income at the
time of the tsunami as part of the sensitivity of a household,
while changes in income and savings were included under re-
silience as a result of the impacts of the tsunami. This study
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Fig. 2. Study area Balapitiya in Southwestern Sri Lanka.
referred to the income of the household head or the highest
income within the household, which was the same in most
cases. The study put a strong focus on income-generating
activities, as they are the most important factor for generat-
ing ﬁnancial assets. Furthermore people depend on differ-
ent equipment for different types of occupation (such as ﬁsh-
ing equipment or computers), which can be affected differ-
ently by natural hazards. This in turn might have an impact
on recovery and resilience of the household. Birkmann and
Fernando (2008) have already shown the differentials in re-
covery for several occupational groups in Sri Lanka after the
2004 tsunami.
Another indicator related to occupation is the period with-
out work after the tsunami, which has a strong impact on the
recovery of the household, as during this period the house-
hold does not generate any income and can thus not recover
effectively. The last indicator linked to ﬁnancial capital is the
access to loans in order to support recovery after the event.
The information from the questionnaires and the distance
measurements served as input for statistical analysis to show
prevalent vulnerabilities of different social groups after the
tsunami. All data were ﬁrst scanned for their statistical dis-
tribution by applying the Kolmogorov-Smirnov-Test. It re-
vealed that none of the variables was normally distributed,
thus non-parametric statistical tests were used. After com-
paring the means of several variables with regard to different
groups of households, speciﬁc statistical tests were used to
check if values between the groups differed signiﬁcantly.
2.3 Coastal vegetation survey
To analyze the protective effect of coastal vegetation, a de-
tailed mapping of a coastal stretch of the study area with a
length of about 1.7km was carried out. The boundaries of
Table 1. Indicators used for analyzing vulnerability following the
framework by Turner et al. (2003a).
Vulnerability
Exposure
– Distance to the sea
– Coastal topography
Sensitivity
– Income of household
– Structure of household
– Occupations of household members
– Construction material of house
– Extent and condition of coastal vegetation
– Infrastructure (roads, water supply, electricity)
Resilience (impact, coping/response, adaptation)
– Changes in income after the tsunami
– Time without work after the tsunami
– Savings before and after the tsunami
– Loans taken after the tsunami
– Impact of tsunami on household members
– Damage to house and assets
– Support from government, organizations, friends etc.
– Damage to water supply
– Impact of other natural hazards in recent years
– Protection measures against future tsunamis
– Policies
the vegetation types were recorded with a GPS during a de-
tailed ground survey. The results were included in a GIS and
ﬁrst scanned visually to determine any linkages between the
width and composition of the vegetation belt and the water
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level and magnitude of the damage behind these belts. The
surveyed houses were divided into four different classes ac-
cording to their damage. The damage classes were adopted
from the ofﬁcial post-tsunami survey by the Sri Lankan Gov-
ernment (DCS, 2005a):
– damage category 0: no damage;
– damage category 1: partially damaged, but could still be
used;
– damage category 2: partially damaged, could not be
used anymore;
– damage category 3: destroyed completely.
The vegetation survey also took into account the damage
along the inlet connecting the lagoon with the sea up to the
island of Pathamulla. In this area, the survey made use of the
results of the land-cover classiﬁcation, which was linked to
the household surveys.
Afterwards, the southern part of the vegetation survey with
a length of about 1km was subdivided into three different
sections according to the predominant vegetation type. Next,
linear regression models were employed to detect any inﬂu-
ences of the different vegetation classes on water level at the
house, damagetothehouse, andﬁnancialdamage. Thisanal-
ysis was applied to the ﬁrst 300 m distance from the sea.
3 Results
3.1 Vulnerability assessment
Exposure
For the analysis of the inﬂuence of distance to the sea on wa-
ter level and on damage, the surveyed homesteads were ﬁrst
divided into two groups according to their proximity either
to the sea (“sea group”; 117households) or to the inlet (“in-
let group”; 40households). The distribution of the groups is
shown in Fig. 3. In order to estimate the importance of the
distanceparameter, thehomesteadsoftheinterviewedhouse-
holds were stratiﬁed into ﬁve parallel strips based on their
distance from the sea. The strips had a width of 150m each,
except for the ﬁfth class, which contained every interviewed
homestead located at a distance between 600m and 958m.
The results for the water level at the houses of the sea group
according to information given by the interviewed household
members can be found in Table 2. This clearly depicts the
decreasing water levels with increasing distance from the sea
which is logical and was expected. The mean ﬂow depth re-
ported in the ﬁrst distance class was 291cm, while it was
99cm for the last class, and the overall average was 217cm.
Water levels of the ﬁve distance classes were tested to be
signiﬁcantly different (ANOVA: p=0.000). The subsequent
pairwise comparisons with Fisher’s Protected Least Signiﬁ-
cant Difference (LSD) test showed, that the decrease in water
Fig. 3. Distribution of the “sea group” (red) and the “inlet group”
(green) for the vulnerability assessment.
Table 2. Flow depth at the house for group 1 (houses close
to the sea). (ANOVA: p=0.000; Kruskal-Wallis: p=0.000).
15households were omitted due to missing data.
Distance to sea Mean N Std. Mini- Maxi-
in classes devia- mum mum
(m) (cm) tion (cm) (cm)
0–150 291 27 82.1 120 450
151–300 228 32 83.1 90 450
301–450 180 24 54.7 90 300
451–600 169 11 105.8 30 360
>600 99 8 47.1 30 165
Mean/total 217 102
level was mainly signiﬁcant with regard to the ﬁrst distance
class in comparison to the other classes.
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For the analysis of the inlet group, ﬁve houses were ex-
cluded as there were no data available. The average water
level of the remaining 35houses was 119cm, with a maxi-
mum distance to the inlet of 116m.
The results of the damage analysis for houses of the sea
group, which are displayed in Table 3, are similar to those
of the analysis of the water levels. Fisher’s Exact Test
showed the signiﬁcance of the results of the cross tabula-
tion (p=0.000). As the construction material and style were
quite homogeneous in the study area (concrete or brick walls
with tile or asbestos roofs), these factors were excluded from
the analysis. The cross tabulation showed that with increas-
ing distance from the sea, houses tended to be less damaged,
which again was expected. Once more, damage values were
particularly high for the ﬁrst class, in which 85% of the sur-
veyed houses could not be used after the tsunami or were
even destroyed completely.
In a further step, damage to homesteads of the inlet group
was analyzed. Two out of the 40 analyzed houses did not
show any damage, 27 were partially damaged (26 could still
be used), and 11 were destroyed completely. The average
distance of the completely destroyed houses of this group
to the sea was 623m, while for the most severely affected
houses of the sea group this value was 180m. This clearly in-
dicates the channelling effect of the inlet. It is suggested that
not only ﬂow depth inﬂuences the damages, but also the en-
ergy of the waves that is focused by the narrow inlet and thus
contributing to their destructive force. A similar effect with
regard to bays and estuaries has been observed by Cochard
et al. (2008). This hypothesis is supported by the relatively
low water level reported for these houses, which was 119cm
on average as described above. The width of the inlet is 50 to
70m for the ﬁrst 500m and narrows down to 20 to 40m after
the bridge (see Fig. 7 in Sect. 3.2). While 27% of the houses
of the inlet group were completely destroyed, 70% showed
only minor or no damages. From this discrepancy it can be
assumed that the energy of the waves was in part also atten-
uated by other factors, although this study could not reveal
which ones were of signiﬁcance.
The correlation (Spearman: rs=-0.44, p=0.000) between
the overall ﬁnancial damage suffered by the households and
the distance to the sea (p=0.000) showed a similar trend of
decreasing amount with increasing distance as displayed in
Table 4. The relatively high value for class 4 is due to one
household that reported extremely high damages. When this
household was not considered in the analysis, the value for
class 4 went down from 602000Rupees (Rs.) to 461000Rs.
The results of this analysis are even more meaningful when
taking into account that there is a positive correlation be-
tween distance to the sea and income per capita in 2004 of
the surveyed households, i.e. poorer households tend to live
closer to the sea (data not shown).
Table 3. Distribution of damages to the house by distance to the sea
(Fisher’s exact test: p=0.000) for houses of the “sea group”; cor-
relation (Spearman: rs=–0.482, p=0.000). Five households were
omitted due to missing data.
Damage to house
Distance None Damaged Damaged De- Total
to sea in partially partially stroyed
classes (could (could not
(m) be used) be used)
0–150 0 5 2 28 35
151–300 0 19 3 12 34
301–450 0 14 5 5 24
451–600 0 8 1 2 11
>600 1 3 4 0 8
Total 1 49 15 47 112
Table 4. Mean overall ﬁnancial damage by distance to the sea
(ANOVA: p=0.003; Kruskal Wallis: p=0.000). Four households
were omitted due to missing data.
Distance to sea Mean (Rs.) N Std.
in classes (m) (×1000) deviation
0–150 963 38 976
151–300 590 42 530
301–450 448 27 251
451–600 602 18 680
>600 327 28 657
Mean/total 611 153 705
Sensitivity
Extent and condition of coastal ecosystems as a major factor
of sensitivity is analyzed in the next section. For evaluating
further aspects of sensitivity and coping with regard to the
impactsofthetsunami, allsurveyedhouseholdsweredivided
into groups according to the main occupation of the house-
hold. With regard to income before the tsunami, the analysis
revealed that there were no signiﬁcant differences between
the different occupational groups (data not shown). Accord-
ing to the Turner framework sensitivity is mainly formed by
endowments and human capital. The analysis of the house-
hold structure did not produce any signiﬁcant differences be-
tween the different livelihood groups. Further external fac-
tors such as institutions or economic structures were not part
of this survey.
Resilience
Totalincomeatthetimeofthesurveyofthedifferentoccupa-
tional groups was determined to see if changes with respect
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tothepre-tsunamisituationcouldbeobservedaftertheevent.
The results in Table 5 show that employed households and
households mainly working in the government sector experi-
enced increases in income. This could be seen as the normal
development due to the high inﬂation rate within the coun-
try, which was 10.6% in 2005, 9.5% in 2006, and 19.7% in
2007 (IMF, 2008). However, the values for income were not
adjusted to the inﬂation rate, as the intention of this anal-
ysis was restricted to the comparison of the different occu-
pational groups. The income (not adjusted for inﬂation) of
ﬁshery and labour households rose only modestly when com-
pared to the pre-tsunami situation. Households without jobs
or with pensions and particularly self-employed households
suffered most from the tsunami in terms of income genera-
tion, so that three years after the event they had less ﬁnancial
resourcesavailablethanbefore the eventevenwithoutadjust-
ingforinﬂation. Comparingtheaverageincomeofthediffer-
ent groups in 2007 produced signiﬁcant differences for total
income (p=0.005, shown in Table 6) and income per capita
(p=0.048) with employed households having ca. 4600Rs.
more and ofﬁcial households having 7900Rs. more than the
average household of this study. On the other hand, self-
employed households had 4300Rs. less and labour house-
holds had 7500Rs. less than the average.
Another analysis investigated connections between the oc-
cupational groups and the period without work after the
tsunami. Table 7 shows that households depending on ﬁsh-
eries had to spend eight months on average without their
main income, while this period was only 2.7months for the
other groups. Pairwise comparisons (with LSD) after con-
ducting an ANOVA (p=0.001) highlighted the signiﬁcant
differences only between the ﬁshery households and all other
occupational groups. Most of the ﬁshing boats and nets were
destroyed or lost, and although most ﬁshermen received new
working material eventually, identiﬁcation of the needs and
start of support took some time. This result is supported by
another study conducted in Sri Lanka after the tsunami (Birk-
mann and Fernando, 2008) as well as by ofﬁcial statistics,
which state that the number of ﬁshermen within the surveyed
GN divisions decreased from 364 to 123 after the tsunami,
which was a reduction of 66.2% (DCS, 2005b). While some
other industries (coir, tourism) faced similar reductions, the
number of people still working in government employment
was 95% and for other employment 73.6%, compared to be-
fore the tsunami.
In addition to the different livelihood groups, another sub-
division was implemented according to total income as well
as income per capita. The households were grouped accord-
ingtotheirstatusatthetimeofthetsunami. Fortotalincome,
classes of 5000Rs. were chosen in order to have an equal
number of cases per class. The ﬁfth class summarizes all
households with an income over 20000Rs. The same proce-
dure was used for income per capita, where steps of 1000Rs.
were used, so that the ﬁfth class includes all households with
a per capita income over 5000Rs.
Table 5. Mean of change in income (not adjusted for inﬂation) be-
tween December 2004 (before the tsunami) and September 2007
between the different occupational groups (ANOVA: p=0.004;
Kruskal-Wallis: p=0.003). 17households were omitted due to
missing data.
Main income source Mean N Std. deviation
of household (Rs.) (×1000)
ﬁshery 96 39 6
employed 5207 38 13
self-employed –4560 20 13
labour 843 16 2
ofﬁcial 5065 16 9
pension/no job –2381 11 10
Mean/total 1277 140 10
Table 6. Mean of total income of household 2007 within the dif-
ferent occupational groups; (ANOVA: p=0.018; Kruskal-Wallis:
p=0.005). 11households were omitted due to missing data.
Main income source mean (Rs.) N Std.deviation
of household (×1000) (×1000)
ﬁshery 14 40 12
employed 21 38 22
self-employed 12 23 7
labour 9 16 5
ofﬁcial 24 17 16
pension/no job 15 12 18
Mean/total 16 146 16
Table 7. Mean period (months) without work after the tsunami
within the different occupational groups (ANOVA: p=0.001;
Kruskal-Wallis: p=0.001). Category “pension/no job” was left out
in this analysis. Four additional households were omitted due to
missing data.
Main income source Mean N Std.
of household deviation
ﬁshery 8.0 41 9.3
employed 3.1 42 5.9
self-employed 3.5 25 4.1
labour 2.3 15 3.4
ofﬁcial 1.1 17 1.8
Mean/total 4.3 140 6.8
The analyses of various variables by income classes pro-
duced no signiﬁcant results. Concerning changes in income
after the tsunami, no signiﬁcant differences between the
classes could be detected. It only showed that all classes had
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increases in income except the households with the highest
income (over 20000Rs.), which experienced losses of about
3000Rs (p=0.283 for all classes). The variable “time with-
out work” also did not show any differences between the dif-
ferent income classes. When analyzing savings of the house-
holds before and after the tsunami, as well as loans taken
after the tsunami, no signiﬁcant differences could be found
between the occupational groups and between the different
income groups (data not shown).
When testing differences in ﬁnancial help from the Sri
Lankan Government by occupational groups, two main re-
sults were observed (Table 8): while ﬁshery-led households
received 42% more support than the average household of
this study, labour households received 64% less. Pairwise
comparisons (with LSD test) showed signiﬁcant differences
for ﬁshery (against employed, labour, ofﬁcial, and pen-
sion/no job households) and labour households (against ﬁsh-
ery, employed, and self-employed households). The reason
for ﬁshermen receiving more money might be a special focus
of the government, as it was recognized after the tsunami that
ﬁshermen were one of the most affected groups in Sri Lanka
(Jayasuriya et al., 2005; UNEP and MENR, 2005; UNEP,
2005; BBC, 2005). Financial help from the government has
to be added to the support from international NGOs, which
also identiﬁed ﬁshermen as a special target group. It is there-
fore rather surprising that ﬁshermen had not managed to re-
cover better three years after the tsunami. Some ﬁshermen
reported that they still did not have appropriate equipment
such as nets and larger multi-day boats to go ﬁshing so that
they had to look for new jobs or had to start working as a
laborer on other boats. Other respondents mentioned that
catches decreased after the tsunami. This was probably due
to an oversupply of small boats after the tsunami, which was
observed after the tsunami and which caused overexploita-
tion in near-shore areas (BBC, 2005; IRIN, 2007; Sonvisen
et al., 2006). These two aspects might serve as an explana-
tion for the weak recovery of this livelihood group. Another
reason for the strong support from the government might be
their particular exposure, as ﬁshery-led households often live
very close to the beach. While the average distance of all oc-
cupationalgroupstotheseais355m, thisvalueisonly201m
for ﬁshery households (Kruskal-Wallis: p=0.000). 75% of
all houses of ﬁshery households could not be used after the
tsunami or were destroyed completely (damage categories 2
and 3), while this was only 39% on average for the other
groups (Fisher’s Exact Test: p=0.001).
The low support for labour households is likely to be due
to the fact that they suffered less ﬁnancial damage than the
other groups (Table 9). Their overall damage was roughly
24% of that of all surveyed households.
One part of the questionnaire focused on drinking wa-
ter supply to the households and damages to this supply
during the tsunami. At the time of the tsunami 25.5%
(40households) received their drinking water from a well,
while 72% (113households) were supplied by a tap. The re-
Table 8. Mean ﬁnancial support from the Sri Lankan Govern-
ment within the different occupational groups (ANOVA: p=0.001;
Kruskal-Wallis: p=0.000). Two households were omitted due to
missing data.
Main income source Mean(Rs.) N Std. deviation
of household (×1000) (×1000)
ﬁshery 210 40 191
employed 140 42 96
self-employed 152 27 90
labour 54 16 52
ofﬁcial 130 17 91
pension/no job 105 13 90
Mean/total 147 155 130
Table9. Meanoverallﬁnancialdamagefromthetsunamiwithinthe
different occupational groups (ANOVA: p=0.052; Kruskal-Wallis:
p=0.000). Three households were omitted due to missing data.
Main income source Mean(Rs.) N Std. deviation
of household (×1000) (×1000)
ﬁshery 666 41 513
employed 682 42 635
self-employed 600 27 339
labour 178 15 132
ofﬁcial 942 16 1584
pension/no job 413 13 501
Mean/total 619 154 707
maining three households received their drinking water from
a lorry (bowser; information missing from one household).
The questionnaire investigated the type of damage to the wa-
ter supply, the time it took to restore it, and if there were any
permanent changes after the tsunami. While most affected
households reported several damages for both sources, taps
were mainly affected by the physical destruction of the struc-
ture. On the other hand wells also faced contamination with
saline water or other contaminants. Signiﬁcant differences
between the water sources can be found when comparing the
time the household had to spend without proper water sup-
ply. While this value was 1.6 months for taps, households de-
pending on wells had to wait for 5.8months until water sup-
ply was properly restored (Kruskal-Wallis: p=0.003). The
nine households interviewed in the small village of Owilana
on the southern tip of Pathamulla island all reported that they
were supplied from a public well on the mainland, which
was not affected by the tsunami. Without these nine house-
holds the duration without water supply for households de-
pending on wells increased to 7.7months. The survey fur-
ther revealed that altogether 24households faced permanent
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changes in their drinking water supply after the tsunami. But
while households with wells made up only one quarter of all
surveyedhouseholds, theycontribute92%(22households)to
the number of households with changes in water supply. At
the time of the survey, one household depended on a water
tank, six on bowsers, and the remaining 15households were
supplied from a public tap. The two other households lost
their private tap and also depended on a public tap.
One of the ﬁrst policy measures of the government after
the tsunami was the declaration of a buffer zone of 100m
from the sea, where no rebuilding was allowed with several
exceptions for hotels with a structural damage of less than
40% (Ingram et al., 2006). In December 2005 the buffer
zone was withdrawn in its original form, and the set back
zones laid out in the Coastal Zone Management Plan were
enforced. These varied from 35 to 125m, depending on con-
ditions in the respective area (CPA, 2006). Within the study
area it could be observed that most people respected the for-
mer extent of the buffer zone, as no rebuilding could be seen
within the ﬁrst 100m from the coastline. When asked for a
reason, people often mentioned the ban to rebuild in these
areas. Interviewees also mentioned that the government par-
ticularly tried to relocate people formerly living very close to
the coast.
3.2 Protective effect of coastal vegetation
Figure 4 shows the results of the vegetation survey along the
coastal strip of Balapitiya, together with the surveyed house-
holds classiﬁed into the different damage categories. It also
contains the GPS points of locations, where only the foun-
dation of a house was left at the time of the survey. As the
people had moved to other places, no questionnaires were
conducted at these locations. The mapped vegetation was
dominated by coconut trees, Pandanus, and different types
of shrubs in various mixtures. In some parts, there was
hardly any vegetation left and houses were situated next to
the beach, while in other parts there was a dense belt of
shrubs and trees without buildings up to a distance of 300m
from the beach. Dense in this regard refers to a type of vege-
tation cover, which makes it more or less impossible to walk
through.
The division of a part of the survey resulted in three dif-
ferent vegetation classes, which are based on visual inspec-
tion: the ﬁrst section just north of the inlet consisted of a
belt of Pandanus backed by a loose coconut plantation with
more or less no undergrowth (see Fig. 5). The width of this
strip was between 30 and 50m. The next section consisted of
only very few trees, but had a dense undergrowth of different
shrubs with an overall density of 80 to 220m (see Fig. 6).
Finally, the main element of the third section again was co-
conut trees, this time with less Pandanus in the forefront, but
with denser undergrowth than the ﬁrst class and a width of
100 to 220m (see Fig. 7).
Fig.4. Coastalvegetationsurveyincludingthesurveyedhouseholds
divided into the different damage categories and mapped founda-
tions.
In order to test and estimate the size of the vegeta-
tion effect on ﬂow depth at the surveyed houses, an ap-
propriate regression model had to be chosen. The predic-
tions of the linear (F=β0+β1·D)1 and exponential model
(F=β0·e−β1·D) were compared within the range of the sam-
pled data2. The analysis revealed that themean of the relative
differences between the predictions of the two models, calcu-
lated at all distances, was 0.1%, with a maximum of around
2%. This maximum is equal to a difference in ﬂow depth
of 19cm. It was therefore decided to use the simpler linear
model for further analysis, although this also implied differ-
ent extrapolated predicted water levels for the three vegeta-
tion classes at a distance of 0m, as it can be derived from
Fig. 8.
When applying the full linear model (F=β0 + β1 · D +
β2 · V + β3 · D · V) with V being the vegetation class, a
1F=Flow Depth; D=Distance to the Sea
2For the analysis of the protective function of coastal vegetation
the range of sampled data was between 75 and 300m distance from
the shore.
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Fig. 5. Example for vegetation class 1, belt of Pandanus in the front
and loose coconut plantation without undergrowth behind.
Fig. 6. Example for vegetation class 2, only few trees, but partly
dense undergrowth of different shrubs (denser than classes 1 and
3).
Fig. 7. Example for vegetation class 3, mainly loose coconut, with
less Pandanus in the forefront (compared to class 1), but with denser
undergrowth.
Fig. 8. Results of the simple linear regression model with 95% con-
ﬁdence bands for the three vegetation classes. Class 3 shows signif-
icant differences compared to the other two classes (see Table 10).
Table10. Linearregressionmodel(F=β0+β1·D+β2·V)withﬂow
depth as dependent variable and distance of houses to the sea and
vegetation classes (dummy) as independent variables. Vegetation
class 3 was used as reference category. Overall vegetation effect
proved to be signiﬁcant (Wald Test p=0.003).
Unstan- Stan- Stan- Sig.
dardized dard dardized
coefﬁ- error coefﬁ-
cients cients
β βs
Constant 500 47 0.000
Distance of house –0.97 0.21 –0.58 0.000
from sea (m)
Vegetation class 1 –116 32 –0.64 0.001
Vegetation class 2 –71 33 –0.37 0.039
signiﬁcant interaction effect between the variables “vegeta-
tion class” and “distance to the sea” could not be detected
(p=0.424). In order to increase the explanatory power, it is
appropriate to test the ﬁt of a more complex model against a
simpler model, in this case against a model without the inter-
action D∗V (Rothmann et al., 2008). As no difference con-
cerning the ﬁtting between the two models could be found
(log-likelihood ratio test: p=0.366), it was decided to con-
tinue with the simpler model. Due to the higher power of this
simpler model the overall vegetation effect proved to be sig-
niﬁcant (Wald test: p=0.003), as well as the distance effect
(p=0.000). The results, displayed in Table 10, show signif-
icant differences between both the ﬁrst and the second veg-
etation class when compared to the third class, which was
used as the reference category in the model. The results were
stable under bootstrapping with 5000replications, in so far
that the distribution is adjusted for standard errors, conﬁ-
dence intervals, and tests. Bootstrapping is a nonparamet-
ric method of statistical inference, where repeated samples
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with replacement are drawn from the original data to approx-
imate the sampling distribution of the statistic (Moore and
McCrabe, 2005; Garson, 2009).
In order to estimate the size of the vegetation effect at dif-
ferent distances from the sea, conﬁdence bands were calcu-
lated. Figure 8 shows the 95% conﬁdence bands for the three
vegetation classes and differences between vegetation class 3
and the other two classes, particularly class 1 at all distances.
The comparably large conﬁdence intervals do not point to
real variations of the water level, but are rather due to limita-
tions linked to estimates of water heights by respondents.
In a second approach, the intercept of the linear model,
i.e. the water level at distance zero for all vegetation classes,
was set to 450cm, which is a reasonable height based on in-
formation given by the surveyed households and from other
studies (Liu et al., 2005; Wijetunge, 2006). The simulations
conﬁrmed the results of the ﬁrst model. By setting the inter-
cept of the model at the same value for all vegetation classes,
it was shown that the slopes of the regression lines for the
three vegetation classes were different. This proved that the
reduction of the water level with increasing distance from
the sea was different for all three vegetation classes. Again,
bootstrapping with 5000replications proved the stability of
the results, which are displayed with 95% conﬁdence bands
in Fig. 9.
The effect of the three vegetation classes on the damage
category of the surveyed houses as well as on overall ﬁnan-
cial damage from the tsunami was also estimated. Again,
the tests were adjusted for the distance of the houses to the
sea. While no signiﬁcant vegetation effect on ﬁnancial dam-
age could be detected, the results on the damage categories
conﬁrmed the ﬁndings of the ﬁrst model linked to water
levels. Again, a signiﬁcant interaction effect could not be
found (p=0.806). However, after removing the interaction
(log-likelihood ratio test: p=0.781), the overall model was
signiﬁcant (p=0.000) as well as the vegetation effect (Wald
test: p=0.020), and the distance (p=0.000) due to the higher
power of a simpler model. The differences between the veg-
etation classes are shown in Table 11 (p=0.007 for class 1
vs. 3, p=0.042 for class 2 vs. 3). Clearly, these results are
not independent from the ﬁrst ﬁndings, but they serve as an
additional proof that the different vegetation classes had dif-
ferent effects on the impacts of the tsunami, i.e. on water
level as well as on damage to the surveyed houses.
The models used here to test and estimate a protective
effect of vegetation, employed distance to the sea as the
only adjusting factor. In reality, there are further factors,
whichgenerally inﬂuenced theimpactsof thetsunamiwaves,
such as seaﬂoor topography, particularly in near-shore ar-
eas (Chatenoux and Peduzzi, 2005; Satheesh Kumar et al.,
2008), distance from the origin of the tsunami (Chatenoux
and Peduzzi, 2005), and further environmental parameters
(Chatenoux and Peduzzi, 2005; Satheesh Kumar et al., 2008;
Iverson and Prasad, 2006; Baird et al., 2005). We assumed
these factors to be homogenous in the study area and they
Fig. 9. Results of the linear regression model with ﬂow depth set to
450cm at a distance of 0m with 95% conﬁdence bands for the three
vegetation classes. Class 3 shows clear differences compared to the
other two classes.
Table 11. Linear regression model with damage categories as de-
pendent variable and distance of houses to the sea and vegetation
classes (dummy) as independent variables. Vegetation class 3 was
used as reference category. Overall vegetation effect proved to be
signiﬁcant (Wald Test p=0.020).
Unstandardized Standardized Sig.
coefﬁcients coefﬁcients
B Beta
Constant 4.7 0.000
Distance of house –0.001 –0.7 0.000
from sea (m)
Vegetation class 1 –0.7 –0.4 0.007
Vegetation class 2 –0.6 –0.3 0.042
were therefore not included in our model. However, the gen-
eralization of our results is restricted to comparable situa-
tions. Apart from the inlet, coastal topography was not in-
cluded, as the mapped area did not show any relevant topo-
graphicaldifferences. A special situation was observed along
the inlet connecting the estuary with the sea just south of the
vegetation survey. Figure 10 shows the inlet up to the is-
land of Pathamulla, including the surveyed houses with the
water level together with the results of the land-cover clas-
siﬁcation. It shows that people living further inland along
canals or other types of water bodies connected to the sea
were also exposed to the tsunami, as these water bodies have
the potential to channel the energy of the waves inland over
a fairly long distance. The travel distance up to the village
of Owilana at the southern end of Pathamulla along the inlet
is approximately 1.7km. Nevertheless, the tsunami caused
severe damage in this village. Furthermore it is surrounded
by a mangrove belt consisting only of Rhizophora apiculata
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Fig. 10. Overview of Impacts of the tsunami along the canal; numbers give the ﬂow depth at the house during the tsunami (in cm).
with its extensive stilt roots. Although it is one of the few
places in the study area with remaining undisturbed vegeta-
tion, it was not possible to detect any protective effect from
the vegetation belt. For the other small strips of vegetation
along the inlet, no protection could be observed either. It
is suggested that the existing patches of vegetation were too
small to outweigh the increase in energy generated by the
narrowing of the inlet.
4 Discussion and conclusions
Referring to the ongoing discussion on the protective effects
of coastal vegetation, one part of this study tried to ﬁnd ev-
idence as to whether this effect could be observed within
the study area in a tsunami-affected area in southwestern
Sri Lanka. As the region was homogeneous with respect to
important factors such as coastal topography, we could ap-
ply simple models to test and estimate the protective effect
of vegetation. We found signiﬁcant differences between the
three analyzed vegetation classes with regard to their effects
on water height at the surveyed houses and damages to the
houses: the water level was signiﬁcantly higher at houses
behind the third vegetation class compared to the other two
classes, and the decrease of the water level with increasing
distance from the sea was also slower behind this vegetation
class. It consisted mainly of coconut trees with only few Pan-
danus in the forefront but with denser undergrowth of shrubs
than the ﬁrst class and a width of 100 to 220m. However,
due to the given homogeneity in the study region, the results
cannot be used as a general argument in favor of coastal veg-
etation to serve as a protective shield against tsunami waves.
Each location has to be analyzed independently, in order to
consider particular conditions of the ecosystems under con-
sideration and other aspects such as coastal bathymetry and
topography, as well as different aspects of exposure (distance
from the sea, construction material of houses, etc.). Never-
theless, the results of this study hint to potential protective
effects of coastal ecosystems under speciﬁc conditions. Ad-
ditional, more extensive analyses should be conducted to ﬁnd
more evidence on this important issue for different locations,
which could have the potential of saving lives and proper-
ties, but which could also lead to a false sense of security, if
an ecosystem does not provide the expected protection in the
event of a destructive natural hazard.
The use of the multi-dimensional vulnerability framework
in combination with the Sustainable Livelihoods Framework
proved to be useful for analyzing particular vulnerabilities of
households within the study area. It is extremely difﬁcult to
include all aspects of vulnerability when dealing with such
a complex framework (Turner et al., 2003b). However, the
frameworks provide valuable support when the assessment is
intended to go beyond the conservative categories of phys-
ical impact and physical and ﬁnancial damage. The com-
bination of the two frameworks ensured that most relevant
external and internal aspects were considered. In addition to
vulnerability at the local level, the framework by Turner et
al. (2003a) pointed to external socioeconomic as well as bio-
physical inﬂuences on different scales, which have an impact
on vulnerability of people on the local level. The use of the
ﬁve different asset categories of the Sustainable Livelihoods
framework ensured that all relevant capitals of a household
were considered when analyzing sensitivity and resilience in
a holistic way.
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The results indicated that ﬁshermen show a higher expo-
sure than the other occupational groups as they are living
closer to the coast and also their working equipment is highly
exposed to sea-related hazards. The distance of homesteads
from the sea or the inlet proved to be a major factor with
regard to exposure to events like the tsunami. This corrobo-
rates ﬁndings from other studies conducted after the tsunami
(Birkmann and Fernando, 2008; Iverson and Prasad, 2006).
Householdslivingclosertothewaterbodiesfacedhigherwa-
ter levels, higher damages to their houses, and higher overall
ﬁnancial damages, as expected.
According to the Turner Framework sensitivity is mainly
formed by endowments and human capital as well as by ex-
ternal factors such as institutions. While the latter aspect was
omitted from this analysis, the available data did not show
any signiﬁcant differences between the different groups un-
der consideration for the former categories.
One of the major beneﬁts of the Turner framework is its
broad approach to resilience, which includes impacts and
coping immediately after the event, but also long-term recov-
ery and adaptation to changing conditions. Using the frame-
work with its three separate categories (exposure, sensitivity,
resilience) it was possible to identify labour households and
particularly ﬁshermen as the most severely affected groups,
although their sensitivity proﬁle did not mark them as partic-
ularly vulnerable. These groups now also face higher vulner-
abilities with regard to any upcoming disturbances because
of their increased sensitivity. The speciﬁc vulnerability of
ﬁshermen is due to a combination of increased exposure and
difﬁculties in coping on the individual as well as on the insti-
tutional level (provision of too many and inadequate boats).
Labour households faced difﬁculties in recovering after the
tsunami due to a lack of appropriate employment. In ad-
dition, the assessment found signiﬁcant differences with re-
gard to the impact on the two major sources of water supply
(wells, taps) and their recovery after the event: taps faced
much less damage and were restored faster than wells. More
people who had depended on wells before had to switch per-
manently to alternate sources of water supply after the event.
In many cases this was a change for the worse, as they lost
their private well and now depend on a public water source,
either tap, well or a bowser.
The focus of the Turner framework is on coupled human-
environment systems as the element of analysis. The em-
phasis on the interlinkages between social and biophysical
components led to focusing particularly on the analysis of
coastal ecosystems and their inﬂuence on damage to house-
holds and their assets. However, one important aspect of the
framework was omitted in this analysis: as the study focused
on the analysis at the local level, external effects from other
scales were not considered, with the exception of the buffer
zone as a political measure taken at the national level.
The declaration and enforcement of this buffer zone im-
mediately after the tsunami has been criticized intensively
particularly because of the uniform regulation of 100m set-
back, which did not take into account different aspects of ex-
posure such as coastal topography or bathymetry (Ingram et
al., 2006; Jayasuria et al., 2005). The results of this study on
the rapidly decreasing damages with increasing distance to
the sea can, in general, serve as a proof that the reduction of
exposure by moving people out of the exposed areas further
inland promises to be an adequate measure. Another argu-
ment in favor of a 100m buffer zone is given by our analysis,
which proved the considerable reduction of the water level
after the ﬁrst 150m from the shore (see Table 2). However,
the channelling effect of the inlet, proven by the vulnerability
assessment as well as by the vegetation survey, shows that it
may produce a false sense of security when ignoring partic-
ular landscape features and other aspects inﬂuencing expo-
sure. This sense of security might be also misleading when
the extent of the buffer zone is not large enough. A buffer
zone of 35 to 125m, as is currently in force, will not be suf-
ﬁcient in many parts of the low-elevation coast of Sri Lanka
in case of a devastating event such as the 2004 tsunami. Ad-
ditionally, for livelihood groups depending on living close to
the sea such as ﬁshermen, resettlement to inland areas means
a disruption of their livelihoods.
Another protective measure, which received much atten-
tion after the tsunami and which was under consideration by
the Coast Conservation Department as an agency of the Sri
Lankan Government (R. A. D. B. Samaranayake, personal
communication, 2006), is the establishment of various types
of greenbelts along the coasts. Our results, corroborated by
other research, hint that a certain width and structure of these
belts is necessary to ensure that they have a reliable protec-
tive effect. Not respecting this aspect could also lead to a
false sense of security. The planting of large vegetation belts
might again result in relocation of people and restricted ac-
cess to beaches and thus contribute to disruptions of liveli-
hoods.
To increase the transferability of this approach, the vul-
nerability assessment should in a next step be linked to ad-
vanced models of land-use and land-cover change in order to
be able to analyze in a more detailed manner the condition
and structure of the biophysical environment and its effects
on vulnerability of households and communities as well as
the complex interplay of coupled human-environment sys-
tems.
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